Abstract: Meloidogyne enterolobii is one of the most important root-knot nematode in tropical regions, due to its ability to overcome resistance mechanisms of a number of host plants. The lack of new and safe active ingredients against this nematode has restricted control alternatives for growers. Egg-parasitic fungi have been considered as potential candidates for the development of bionematicides. In tissue culture plates, Pochonia chlamydosporia (var. catenulata and chlamydosporia) and Purpureocillium lilacinum strains were screened for their ability to infect eggs of the root-knot nematode M. enterolobii on water-agar surfaces. Reduction in the hatching of J2 varied from 13% to 84%, depending on strain. The more efficacious strains reduced hatchability of J2 by 57% to 84% when compared to untreated eggs, but average reductions were only 37% to 55% when the same strains were applied to egg masses. Combinations of fungal isolates (one of each species) did not increase the control efficacy in vitro. In experiments in which 10,000 nematode eggs were inoculated per plant, reductions in the number of eggs after 12 months were seen in three of four treatments in banana plants, reaching 34% for P. chlamydosporia var. catenulata. No significant reductions were seen in tomato plants after 3 mon. In another experiment with tomato plants using either P. chlamydosporia var. catenulata or P. lilacinum, the number of eggs was reduced by 34% and 44%, respectively, when initial infestation level was low (500 nematode eggs per plant), but tested strains were not effective under a moderate infestation level (5,000 eggs per plant). Under all infestation levels tested in this work, gall and egg mass indexes (MI) did not differ from the untreated controls, bringing concerns related to the practical adoption of this control strategy by farmers. In our opinion, if the fungi P. chlamydosporia and P. lilacinum are to be used as biocontrol tools toward M. entorolobii, they should focus on agricultural settings with low soil infestation levels and within an IPM approach.
Meloidogyne enterolobii Yang and Eisenback (=M. mayaguensis) is one of the most destructive species of root-knot nematodes (RKN). First collected in Asia (Yang and Eisenback, 1983) , M. enterolobii has been reported in both native (Lima et al., 2005) and cultivated areas in different countries, causing damages to different crops, such as tomato, pepper (Carneiro et al., 2006) , and perennial plants, including banana and several other fruit crops Xu et al., 2004; Almeida and Santos, 2011; Freitas et al., 2016) . The ability of this nematode to infect a number of plants and overcome resistance mechanisms of hosts has been one of the major drawbacks for the management of field populations (Prot, 1984; Fargette, 1987; Carneiro et al., 2006; Cantu et al., 2009; Kiewnick et al., 2009) . Chemical nematicides and cultural practices have been adopted to mitigate pest populations, but these have not always provided a long-term suppression at economically feasible costs (Gomes et al., 2010) . Additionally, market phaseout of some chemical nematicides and the difficulty in the discovery and development of new, safe active ingredients by the chemical industry have restricted product alternatives for growers.
Biological control is considered an environmentally friendly strategy against RKN (Mankau, 1980; Sikora, 1992; Kerry, 2000; Eapen et al., 2005; Dong and Zhang, 2006; Sun et al., 2006) . The egg-parasitic fungi Pochonia chlamydosporia (formerly Verticillium chlamydosporium) and Purpureocillium lilacinum (formerly Paecilomyces lilacinus) are among the most studied biological agents aiming at nematode management (Hidalgo-D ıaz et al., 2000; Atkins et al., 2003; Khan et al., 2006; Anastasiades et al., 2008; Moosavi et al., 2010; Carneiro et al., 2011) . Both species are ubiquitous, saprobic filamentous fungi, commonly isolated from soils, root surfaces, and some invertebrates, being naturally distributed in agricultural soils across Brazil (Tigano-Milani et al., 1993; Arevalo et al., 2009 ). Characteristics such as their ability to successfully colonize the rhizosphere and mass production feasibility (De Leij and Kerry, 1991; Kerry and Hidalgo-D ıaz, 2004; Rumbos and Kiewnick, 2006 ) make these species potential candidates for the development of bionematicides.
A great number of strains can be assessed using in vitro methodologies under well-controlled conditions (Chen et al., 1996; Chen and Chen, 2003; Moosavi et al., 2010; Mensin et al., 2012; Luambano et al., 2015) . Although in vitro studies seldom represent the real plantnematode-fungus interaction in the rhizosphere (Dong and Zhang, 2006) , laboratory experiments may also help to understand the fungus mode of action and pathogenhost interactions. Little is known, for example, about the interactions between more than one egg-parasitic fungus targeting the same host or how the parasitism develops in egg masses. Indeed, additional studies on egg parasitism and rhizosphere colonization by the fungus under controlled conditions are needed for better field recommendations (Sikora, 1992; Kerry, 2000; VerdejoLucas et al., 2003; Dong and Zhang, 2006) .
The aims of the present study were to (i) select pathogenic strains of P. chlamydosporia and P. lilacinum against M. enterolobii eggs under in vitro conditions, (ii) determine the ability of selected strains to decrease J2 hatchability and the interaction between strains targeting the same host in laboratory bioassays, (iii) evaluate the potential of selected strains to reduce nematode populations on tomato and banana plants under greenhouse conditions.
MATERIALS AND METHODS
Origin of fungal isolates: All fungal strains were isolated from nematode eggs or soil samples (Tables 1,2 ) and kept in liquid nitrogen (21968C) at the InvertebrateAssociated Fungal Collection, at EMBRAPA Genetic Resources and Biotechnology, Brasilia, Brazil. Strains belonged to species/varieties P. chlamydosporia var. catenulata, P. chlamydosporia var. chlamydosporia and P. lilacinum and were identified through morphological characteristics of the colony and reproductive cells (Samson, 1974; Zare et al., 2001; Luangsa-Ard et al., 2011) .
Preparation of nematode and fungal inocula for in vitro assays: Nematode population was originally collected from guava roots in a highly infested area in Northeastern, Brazil, and identification was carried out using esterase phenotyping . Egg suspensions for in vitro and in vivo assays were prepared from tomato plants kept in a greenhouse and previously infected with M. enterolobii. Four-month-old infected roots were washed in running tap water and ground in a sodium hypochlorite solution (NaOCl) (0.5%) for 60 sec, with the aid of a blender. The suspension was passed through an overlaid set of sieves of 20, 100, and 500 meshes, and eggs retained in the last sieve were resuspended in distilled water and washed in a saccharose solution (30%). All washing procedure took less than 5 min and no damage in egg membrane was observed under the microscope (3200 of magnification). For greenhouse assays, eggs and J2 were extracted using Hussey and Barker's (1973) methodology, with a blender instead of manual agitation and 0.5% NaOCl. The number of eggs + J2 was evaluated using a Peter's slide and a light microscope at 3100 magnification. The number of eggs containing J1 and J2 were also scored separately. Average percentages for eggs, eggs with J1 and J2, used in nematode inocula in in vitro bioassays were 76.3% 6 2.98%, 13.0% 6 1.35%, and 10.7% 6 3.93%, respectively.
Fungal strains were grown on Potato Dextrose Agar medium (PDA; Acumedia, Lansing, MI) + streptomycin (0.5 g/L) for an 18-to 21-d period at 268C 6 0.58C in darkness. Cells (spores and mycelia) from cultures were scraped using a spatula and suspended in distilled water + Tween 80 (0.05% v/v). Suspensions were homogenized in a vortex for 60 sec and filtered through a cloth to remove mycelial fragments. Conidia and chlamydospores of P. chlamydosporia and conidia of P. lilacinum were counted in a Neubauer chamber and suspension diluted to a final concentration of 1 3 10 6 spores/ml. In vitro parasitism of M. enterolobii eggs by strains of P. chlamydosporia and P. lilacinum: Nineteen strains of P. chlamydosporia and 14 strains of P. lilacinum were tested against M. enterolobii eggs, including the active ingredient of the commercial products KlamiC (Centro Nacional de Sanidad Agropecuaria, La Habana, Cuba; Hern andez and Hidalgo-Diaz, 2008) and Biostat WP (Laverlam S.A., Cali, Colombia; Tranier et al., 2014) . The bioassays were performed in 12-well plates and each well was filled with 3 ml of water agar (1.5% v/v). A 100-ml drop of the nematode egg suspension (around 500 eggs) was placed in the well and air-dried in a laminar flow. Then, for each fungal strain being assessed, a 150-ml drop of spore suspension covered all eggs on the water-agar surface. Distilled water + Tween 80 (0.05% v/v) was used as a control treatment. After being air-dried, plates were covered with the lid and incubated at 258C 6 0.58C in darkness. A moistened filter paper was placed in the inner side of the lid in order to keep relative humidity .95%. Fifteen days after inoculation, wells were gently rinsed with 1 ml of distilled water and the agar scraped with a glass rod; this was repeated two more times. Suspensions were collected from the wells and the number of J2 determined in a Peter chamber. Unhatched eggs were also counted in suspensions from wells of the control treatments to determine the percentage of total nematodes recovered in the washing procedure. Experiments with each fungal species were completely randomized and four replicates (wells) were performed per treatment (strain). Both experiments (fungal species) were repeated twice on different dates.
In vitro activity of selected strains of P. chlamydosporia and P. lilacinum against M. enterolobii egg masses: Strains selected in the previous assay (CG1006 and CG1044 of P. chlamydosporia var. catenulata; CG1042 and CG1101 of P. chlamydosporia var. chlamydosporia; and CG179, CG1038, and CG959 of P. lilacinum) were tested against egg masses of M. enterolobii. First, egg masses were collected directly from nematode-infected tomato roots using a thin needle and forceps under a stereoscope. Groups of five egg masses, homogenous in size, were placed on a water-agar surface in wells. Fungal inoculation and spore concentration were the same as described previously. Distilled water + Tween 80 (0.05% v/v) was used as a control treatment. After being air-dried, plates were covered and incubated at 258C 6 0.58C in darkness. Wellwashing procedure after 15 d of inoculation was the same as previously described. Experiments with egg masses were completely randomized and four replicates were performed per strain. Each experiment was repeated twice on different dates.
In vitro interactions between strains of P. chlamydosporia var. catenulata and P. lilacinum applied to M. enterolobii eggs: The combination of the fungal species P. chlamydosporia var. catenulata (CG1006 and CG1044) and P. lilacinum (CG179 and CG1038) was evaluated in vitro using M. enterolobii eggs. Final spore suspensions, containing combinations of one strain from each species, was 1 3 10 6 spores/ml, half from each fungal species. Treatments with a single species at the full concentration were also included, and distilled water + Tween 80 (0.05% v/v) was used as a control treatment. The methodology and experimental conditions were the same as already described. The experiment was carried out in a completely randomized design with four replicates and was repeated twice on different dates.
Efficacy of selected strains of P. chlamydosporia and P. lilacinum against M. enterolobii on potted tomato and banana plants under greenhouse conditions: For the greenhouse studies, the selected strains CG1006 and CG1044 of P. chlamydosporia var. catenulata, the commercial product Rizotec of P. chlamydosporia var. chlamydosporia (Rizoflora Biotecnologia S.A., Vic xosa, Brazil; Bettiol et al., 2012) , and CG179 of P. lilacinum were tested. Spore production was carried out through a two-stage fermentation process. First, three plugs (3 mm in diameter) from PDA cultures were placed in 250-ml Erlenmeyer flasks with 200 ml of autoclaved rice broth (30 g of rice cooked for 10 min in 1 l of distilled water) and incubated at 258C 6 18C in an orbital shaker (150 rpm) for 3 d. For the second stage, rice grains were soaked in distilled water and, after removal of excess water, autoclaved for 20 min in polyethylene bags (100 g rice per bag). Each bag was inoculated with 15 ml of the fungal broth, and then incubated at 258C 6 0.58C in darkness for 10 and 21 d for P. lilacinum and P. chlamydosporia, respectively. The colonized rice was washed in distilled water + Tween 80 (0.05% v/v), and suspensions were homogenized and diluted as described previously. Spore viability of the commercial product Rizotec was assessed on PDA by counting the number of colony-forming units per gram of product after 5 d on incubation (258C 6 18C and darkness). The product was suspended in distilled water to give the same final spore concentration.
Tomato (cv. Santa Clara) and banana (cv. Terra) seedlings, approximately 10 to 15 cm in height, were transferred to 3-or 5-l plastic bags (hereafter referred to as pots), respectively, containing an autoclaved mix of soil (50%), sand (25%), and organic compost (25%). Prior to planting, pots with soil mixture were previously inoculated with 5 3 10 4 spores/g of soil by drenching 15 ml of fungal suspension in a 15-cm-deep hole made to receive the seedling. An egg suspension of M. enterolobii (10,000 eggs per pot) was applied in three holes around plants, 15 d after seedling transfer and fungal inoculation. Controls were inoculated only with egg suspensions in distilled water + Tween 80 (0.05% v/v). Additionally, a separate experiment was carried out to evaluate the control efficacy of the strains CG1006 (P. chlamydosporia var. catenulata) and CG179 (P. lilacinum) in tomato plants exposed to moderate (5,000 eggs per pot) and low (500 eggs per pot) infestation levels. Materials and methods were the same as described above. Plants were watered periodically and kept under greenhouse conditions for 3 and 12 mon after nematode inoculation in tomato and banana plants, respectively. Nine replicates (plants) were used in each experiment in a completely randomized design.
Roots were washed under running tap water to remove soil and other debris, and then fresh weight was scored. The root galling index (GI) and MI were determined based on a 0 to 5 scale proposed by de Hartman and Sasser (1985) , as follows: 0 = absence; 1 = 1 to 2; 2 = 3 to 10; 3 = 11 to 30; 4 = 31 to 100, and 5 = more than 100 galls or egg masses per plant. Then, eggs were extracted using Hussey and Barker's (1973) methodology, using a blender instead of manual agitation and 1% NaOCl. The number of eggs per gram of root was determined. GI and MI were not evaluated in the banana experiment because root galls and egg masses were not clearly visible on the thick black roots of this plant.
The presence of propagules of each fungal strain in roots (endophytic behavior) of both plants was also determined at the end of the experimental period. Twenty root sections (2 cm long; 0.2 cm in diameter) were randomly collected and surface sterilized in NaOCl (2% for 30 sec) and rinsed twice in sterile water. Root sections were placed on the surface of a selective medium (De Leij and Kerry, 1991) , and presence of growing fungus from sections was scored (presence or absence) and identified under a microscope after a 10-d incubation period at 258C 6 18C in darkness.
Statistical analyses: Datasets on number of J2 were analyzed by generalized linear models and fitted to negative-binomial distribution taking overdispersion into account. Due to the presence of overdispersion in all datasets, a chi-square test based on the residual deviance and degrees of freedom was used to compute estimates and P values, which indicates if the model fits the data. Multiple pairwise comparisons (one-way or two-way analysis of variance) were performed, and means of treatments compared by contrasts (P , 0.05). Analyses were performed using R statistical software environment (R Development Core Team, 2015). Synergistic or antagonistic effect between strains of P. chlamydosporia and P. lilacinum was determined using a procedure adopted by Koppenhofer and Kaya (1997) . The expected proportional additive effect for the P. chlamydosporia-P. lilacinum combinations on J2 reduction (ER) was calculated by the formula ER = RPc + RPl(12RPc), where RPc and RPl are the observed proportional mortalities caused by P. chlamydosporia and P. lilacinum alone, respectively. In our case, RPc and RPl values were divided by two since the strain combinations were prepared at half the concentration of each fungal species. Calculated values from a chi-square test (x 2 = [RComb-ER] 2 /ER, where RComb is the observed J2 reduction for each P. chlamydosporia-P. lilacinum combination) were compared to the chi-square table value for 1 degree of freedom. When the calculated x 2 value exceeded the table value a possible synergistic or antagonistic effect between the two fungi is expected at 0.05 of probability.
RESULTS
In vitro parasitism of M. enterolobii eggs by strains of P. chlamydosporia and P. lilacinum: The mean percentage of nematodes (eggs and J2) recovered from each well in the control treatment 15 d post-inoculation was 75.6% 6 3.05% of the initial number of eggs and juveniles used as inocula. Significant interactions between trial replicates and strains of P. chlamydosporia (x 2 = 59.95; df = 19; P # 0.0001) and P. lilacinum (x 2 = 31.23; df = 14; P = 0.0051) were detected and results were presented separately (Tables 1, 2). Significant differences in the number of hatched J2 were seen in both trials for P. chlamydosporia strains (x 2 = 617.67; df = 19; P # 0.0001 and x 2 = 200.88; df = 17; P # 0.0001). Similarly, differences in the number of hatched J2 were also seen for P. lilacinum strains (x 2 = 206.58; df = 14; P # 0.0001 and x 2 = 78.63; df = 14; P # 0.0001). When compared to the control treatment, the percent reduction in J2 hatching varied from 13.7% to 84% for P. chlamydosporia, and 31.2% to 80.3% for P. lilacinum strains. Microscopic observations of egg shrinkage and mycelial growth, both external and internal to egg shell, were seen for both species, but mainly for P. chlamydosporia treatments.
In vitro activity of selected strains of P. chlamydosporia and P. lilacinum against M. enterolobii egg masses: No significant interaction between trial replicates and strains of P. chlamydosporia was seen (x 2 = 6.12; df = 4; P = 0.1903) and data were combined. A significant difference was observed in the experiment with selected P. chlamydosporia strains (x 2 = 15.25; df = 4; P = 0.0042). J2 hatchability was reduced by 54.3% and 39.6% for strains CG1006 and CG1044, respectively, when compared to the control treatment (Fig. 1A) . Likewise, no significant interaction between trial replicates and strains of P. lilacinum was seen (x 2 = 7.27; df = 3; P = 0.0636) and data were combined. Differences were also observed in the experiment with selected P. lilacinum strains (x 2 = 16.38; df = 3; P = 0.0009). Strains CG179 and CG1038 showed 55.2% and 36.6% of reduction in J2 hatchability, respectively, when compared to the control treatment (Fig. 1B) .
In vitro interactions between strains of P. chlamydosporia var. catenulata and P. lilacinum applied to M. enterolobii eggs: A significant interaction between trial replicates and treatments (x 2 = 58.90; df = 8; P # 0.0001) was observed and results were presented separately (Table  3 ). The mean percentages of nematodes (eggs and J2) retrieved from each well in the control treatment 15 d post-inoculation were 87.0% 6 0.16% and 92.4% 6 0.40% of the initial egg number used for trials 1 and 2, respectively. Significant differences in the number of J2 hatched from eggs were detected in both trials (x 2 = 237.04; df = 8; P # 0.0001 and x 2 = 555.51; df = 8; P # 0.0001). When used alone, P. chlamydosporia var. catenulata strains showed greater parasitism than did P. lilacinum strains. Combinations of fungal species (one strain from each species) did not increase or decrease the control efficacy. Antagonistic or synergistic effects were not detected for all combinations since calculated x 2 values (between 0.007 and 0.213; df = 1) were lower than x 2 tab values. Efficacy of selected strains of P. chlamydosporia and P. lilacinum against M. enterolobii eggs on potted tomato and banana plants under greenhouse conditions: Neither P. chlamydosporia nor P. lilacinum were associated to tomato or banana roots as endophytes, although the methodology used in our study was not aimed to detect colonization of soil or external root surfaces by the tested fungi. The number of eggs per gram of root of tomato plants did not differ among P. chlamydosporia strains and the control treatment after 3 mon and ranged from 87,057 to 97,412 (Table 4) . A marginal increase in egg numbers was seen in P. lilacinum CG179-treated plants compared to untreated plants (x 2 = 10.52; df = 4; P = 0.032). Tomato plants in all treatments clearly showed symptoms of severe nematode infection, characterized by limited plant growth, yellowish leaves, and galled and rotten root system. The severe infection was clearly shown by the high GI and egg MI, which were similar among treatments (P . 0.98) and ranged from 4.7 to 5.0 and 4.6 to 5.0, respectively. Banana plants cv. Terra were good hosts to M. enterolobii and presented high nematode reproduction, although their growth pattern was not altered. Significant differences in egg and J2 nematode population were seen in banana roots after 12 mon, varying from 3,004 to 4,547 eggs per gram of root (x 2 = 92.65; df = 4; P # 0.0001). The strains CG1006 and CG1044 (P. chlamydosporia var. catenulata) and the commercial product Rizotec (P. chlamydosporia var. chlamydosporia) caused significant reductions of 33.1%, 19.3%, and 19% in nematode eggs compared to control plants, respectively (Table 4) .
A significant interaction was seen between strain and nematode inoculum concentration in tomato plants (x 2 = 12.904; df = 2; P = 0.0016). The increase of the inoculum concentration (from 500 to 5,000 eggs per plant) increased the number of eggs per gram of root (x 2 = 295.92; df = 1; P # 0.0001) after this 3-mon-long experiment. Under the low inoculum level (500 eggs per plant), strains CG1006 and CG179 reduced the egg numbers per gram of root by 33.6% and 44.2%, respectively (Table 5) , and significant differences were seen in egg numbers among treatments (x 2 = 21.45; df = 2; P # 0.0001). Under moderate inoculum level (5,000 eggs per plant), no reductions in the number of eggs per gram of root were observed compared to the control treatment (x 2 = 0.21; df = 2; P = 0.9015) (Table 5) . Likewise, GI and MI did not differ among treatments, regardless of the number of eggs used as inoculum (P . 0.854). Short roots and clear signs of rotten roots in tomato plants were observed for both concentrations of the inoculum.
DISCUSSION
In the present study, we showed the ability of different P. chlamydosporia (var. catenulata and chlamydosporia) and P. lilacinum strains in reducing J2 hatchability of individual M. enterolobii eggs by direct contact under laboratory conditions. Moreover, our data suggest that eggs within the gelatinous matrix may be less susceptible than individual eggs to infection by both fungal species. Finally, we detected a decrease in the numbers of eggs per gram of root on tomato plants treated with both fungal species when compared to untreated plants under lower levels of nematode infection.
The great genetic variability of invertebrate pathogenic fungi has been largely explored in the development of biopesticides against insects and mites. The importance of screening strains with high biological activity against different RKN species has also been reported (Hidalgo-D ıaz et al., 2000; Eapen et al., 2005; Dallemole-Giaretta et al., 2012; Mensin et al., 2012) . Egg parasitism is the main mode of action of P. chlamydosporia and P. lilacinum against plant-pathogenic and animal-parasitic nematodes (Chen and Chen, 2003; Sun et al., 2006; Carvalho et al., 2010; Moosavi et al., 2010) . Different parameters have been used to assess the parasitism of nematode eggs or egg masses by these c Numbers refer to the mean of nine replications. Means followed by the same letter in a column (within each experiment) did not differ significantly according to contrasts comparison in generalized linear models (P . 0.05).
pathogens. Although the presence of fungal structures on egg surface and morphological changes in egg shells may indicate parasitism, egg hatchability after exposure to the pathogen gives a better indication of the potential of biological control agents. Water agar has been successfully used for the in vitro assessment of fungal activity on egg hatchability (Chen et al., 1996; Eapen et al., 2005; Moosavi et al., 2010) . However, the use of disc cultures on water-agar surface as inoculum represents an important source of nutrients that is unavailable in the soil and that might enhance fungal growth and overestimate its activity. We adopted an in vitro assay with tissue culture plates, which utilized conidia and/or chlamydospores without a nutrient source and provided a simple and precise method for screening potential fungal strains on individualized nematode eggs. Both mechanical and NaOCl protocols have been deployed in in vitro experiments aiming separation of eggs from the gelatinous matrix, although the later is much less time consuming and allowed us to screen a greater number of strains. Additionally, the water agar in the wells kept favorable moisture conditions for embryo development and allowed the contact of germinating fungal spores in standardized concentration against the eggs or egg masses.
Despite methodological differences, parasitism levels on individual eggs observed in our study were similar to some other in vitro studies with Meloidogyne using P. chlamydosporia or P. lilacinum (Moosavi et al., 2010; Aminuzzaman et al., 2013) . In our study, reductions from 67% to 78% and 69% to 73% in egg hatchability were observed for selected strains of P. chlamydosporia and P. lilacinum, respectively. On the other hand, the average reductions in egg hatchability when the same strains were used on egg masses were not greater than 55%. These results suggest that the gelatinous matrix provided some degree of protection to eggs against microbial invasion as previously reported by Orion et al. (2001) . Although some microorganisms are capable of colonizing the gelatinous matrix, including P. chlamydosporia and P. lilacinum (Dunn et al., 1982; Meyer and Wergin, 1998 ), a likely delay in microbial invasion may allow eggs to reach developmental stages that are less susceptible to fungal infections. Indeed, eggs in earlier embryonic stages are reported to be more successfully infected by nematophagous fungi (Chen and Chen, 2003; Khan et al., 2006) . Additive or synergic effects by the combination of two or more nematode pathogens have been described (Dube and Smart Jr., 1987; Anastasiades et al., 2008) . In our in vitro study, no additive or synergistic effects were detected when selected strains of P. chlamydosporia were used simultaneously with strains of P. lilacinum. The performance of P. chlamydosporia deployed alone (full dose) was the same as the mixture of two strains, one from each species (half dose each). In general, P. lilacinum strains were less effective than P. chlamydosporia strains in reducing egg hatching. It has been shown that nematode eggs precolonized by a saprophytic or weakly parasitic fungus may reduce the infection by other nematophagous fungi (Chen and Chen 2003) . Even though strain CG1044 (P. chlamydosporia var. catenulata) promoted significantly lower egg hatchability than its mixture with strain CG179 (P. lilacinum), no antagonistic effect was seen.
Despite considerable nematode egg parasitism caused by some P. chlamydosporia and P. lilacinum strains in lab assays, in general their efficacy in reducing root infection and nematode reproduction in potted plants was very low. None of the strains significantly reduced the galling or egg mass indexes, nor even the number of eggs per gram of root in tomato plants under either moderate or high nematode infestation levels (5,000 and 10,000 eggs per pot, respectively). In contrast, other studies under greenhouse and field conditions showed considerable suppression of RKN populations by both fungal species (Kerry and Hidalgo-D ıaz, 2004; Siddiqui and Akhtar, 2009; Aminuzzaman et al., 2013; Bontempo et al., 2014) . In a study with P. lilacinum carried out by Cabanillas and Barker (1989) , the fungal inoculum level and the application time were shown to have impact on Meloidogyne control. Other parameters such as the type of infective propagules used (conidia, chlamydospores, or mycelia) and soil characteristics may also have influenced the level of nematode suppression. Plant species may also influence the efficacy of the fungus as a biological control agent. The low 27,321.1 6 4,593.2 a 4.9 6 0.11 a 5.0 6 0.00 a CG179 26,114.5 6 2,458.5 a 4.9 6 0.11 a 5.060.00 a a Root galling index (GI) and egg mass index (MI). b Numbers refer to the mean of nine replications. Means followed by the same letter in a column (within each experiment) did not differ significantly according to contrasts comparison in generalized linear models (P . 0.05).
efficacy of some nematophagous fungal strains against RKN on tomato roots, which produce large galls as a result of nematode infection compared with other hosts, has been already reported (Stirling et al., 1979; Bourne et al., 1996) . It is worth mentioning that under lower nematode infestations (500 eggs per plant), a moderate decrease in the egg numbers was seen for both species when compared to untreated tomato plants. Therefore, results suggested that use of nematophaghous fungi as a stand-alone approach would not be advisable, but both fungi could be used as part of an integrated management program for M. enterolobii in tomato crops when the nematode population is low. This is the first report of suppression of M. enterolobii eggs by P. chlamydosporia on banana plants. Decreases in the number of eggs per root were seen in plants treated with all three P. chlamydosporia strains tested in our greenhouse experiments. Moreover, the high susceptibility of banana plants to M. enterolobii and the development of internal egg masses on roots may have hampered egg parasitism by the fungus. Females and eggs embedded in the roots may isolate egg masses from the fungal attack, since the later are confined to the rhizosphere, as reported by Bourne et al. (1996) . The high number of eggs per root in all the treatments was remarkable; nonetheless, plant development apparently was not compromised indicating tolerance of banana plants to M. enterolobii. In cases where no signs of plant debilitation by nematodes are apparent, huge populations may develop, and control strategies based on microbial products are no longer effective.
In conclusion, our results indicate that adoption of selected strains of nematophagous fungi for management of M. enterolobii populations may be possible under some circumstances within an IPM approach, as long as infestation levels in soil are low.
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